ABSTRACT
INTRODUCTION
The fact is that there is an entire number of sources of pollution that may endanger the environment. Pollution effects in the majority of cases remain unnoticed because there is no adequate technology (or it is not applied) and monitoring, or we are not aware of the presence and consequences. A typical example of environmental pollutant, whose presence and negative impacts on the living world remain long hidden, is the community noise. All negative effects, brought by the increase in noise, can be observed through the physiological and psychological effects of noise on human health [1] and the living nature around us. It is extremely important to take timely and preventive action in order to eliminate or at least mitigate the negative effects that increased noise has on the human quality of life. Compared to other environmental factors, there is a little "understanding" for the control of community noise. Planning the use of living space, while not taking into account the levels of noise to which people are exposed, significantly increases the noise exposure of the population and its negative effects [2] . Traffic is indicated as a known source of environmental noise. Whether road, rail, air or sea traffic, noise generated when these are performed, indicates the need for constant monitoring and adjusting to legally defined limits. Assessment of noise generated in road traffic has been carried out for a long time, with a limited number of receivers, with simplified qualitative analyses and simplified calculations. Experience has shown that this approach often does not allow getting acceptable and realistic results, as well as a clear picture of the real impact of noise on the environment in the right way. The development of computer modelling techniques allow modelling of the most complex scenarios of road traffic noise generation and propagation, with satisfactory precision and fast enough. Sea traffic noise in the world and in scientific circles is mostly treated from the aspect of the impact on the living world under water. The impact on the human environment is limited to the area in and around the port, residential areas on the ship/boat and machine plants. The presence of sea traffic noise in urban areas is almost inconceivable, but there are places where people are exposed to the combined effects of noise generated by road and sea traffic. One of these places is the Village of Kamenari in Boka Kotorska Bay, where road traffic on the "Adriatic highway" takes place in the immediate vicinity of residential buildings, and ferry boats ply at the same time. The aim of this paper is to examine the specific situation and develop a model for the assessment of noise in the urban area generated by road and sea traffic.
METHODS
When it comes to modelling of environmental noise, this primarily refers to practical engineering method. Using the engineering method we come to the model by including in the calculation all independent contributors that cause noise increase. Common to all models is that they are based on empirical results of conducted experiments on the measurement of equivalent sound level -Leq (dB) [3] , statistical analysis of the collected data, and usage simplicity. Road and sea traffic are identified as the main contributors of noise at the observed location.
Previous studies show that in creating the model, where road traffic appears as source, a whole range of factors may significantly affect the authenticity and applicability of the developed model. The basic parameters for the assessment of road traffic noise can be: the quantity of vehicles, i.e. the flow of vehicles, speed at which vehicles travel, existence of barriers in the immediate vicinity of road, surface covering the road, road gradient, distance from the traffic lane [4] . The importance of trucks and buses in contributing to high levels of noise was proved [5] .
The traffic flow, in most of the used models, is generally accepted as a very influential parameter. The variation of Leq can be adequately represented by a logarithmic equation of the form: log L C q eq = (1) where q is the traffic flow of vehicles per hour and C is a constant.
Constant C varies between 7.5 and 11.5, for different types of flow, urban conditions and gradients [4] . A general value of C=10 is accepted by the most researchers [6] .
The percentage of heavy vehicles has a significant effect on the produced noise level [7] . Heavy vehicles produce a noise level 5-10 dB greater than the light ones [6] . In most of the existing noise prediction models, the vehicles are classified in two classes: the class of light vehicles and the class of heavy vehicles.
Vehicle speed is an important parameter for the prediction of traffic noise. Passenger vehicles in free flow, for a change in speed of 10 km/h, increase the mean emitted noise by 2 dB. For trucks, it is 2.2 dB and 1.6 dB for busses [8] . Delany et al. accept that there is an interaction between speed and percentage of heavy vehicles [4] . They identify two speed regions: above 50 Km/h where most traffic will operate under fairly free flow conditions, whilst below this speed the majority of the situations will not be freely flowing.
Road gradient has a marked effect on the actual noise generated by the individual vehicles. On roads with a gradient the driver has to accelerate or use the brakes more frequently than on straight roads. Moreover, on steep gradients heavy vehicles moving downhill are likely to overrun in low gear and emit more noise than on the level. The produced noise depends on the combination of flow, traffic composition and slope [7] .
The ground surface has also a significant effect on the measured noise level. The interaction between the tyres and the road surface affects directly the noise level generated by traffic [8] . The noise distributed among the tyres is smaller on porous surfaces than on dense surfaces. In general, finer grating results in a lower rolling noise level.
The effect of a facade of a building behind the reception point will increase the noise level [4] . Measurements performed at 1 m from an unbroken brick surface indicate an increase of 2.3 dB in measured noise level. This increase is greater for narrow streets with buildings on both sides (urban canyon) [9] . At distances of more than 20 m from the buildings this façade effect would be negligible.
Taking into account previous experiences in the field of road traffic noise modelling, the flow of passenger vehicles and the flow of freight vehicles and buses were taken into account as basic input parameters in the model creation. Other factors, such as vehicle speed, the presence of buildings or barriers, type of surface and road gradient were taken into account according to inputs defined by the Italian C.R.N. noise prediction model [10, 11] . This model represents a modification of the German standard RLS 90, adapted to the Italian framework. The relation between the traffic parameters and the mean sound energy level is assumed, and the traffic flow is modelled as a linear source placed in the centre of the road. According to C.R.N. standard, the equivalent noise level has to be corrected because of the mean flux velocity ( Lv D ), correction for road gradient ( Lg D ), correction for the presence of reflective façade ( Lf D ), traffic coefficient ( LVB D ) and correction for the road pavement ( Lp D ). For the experiment purpose, the calculation of cor-
According to C.R.N. standard, L 0 v D = dB for the mean flux velocity from 30 km/h to 50 km/h. This value was selected due to the fact that vehicle speed is limited to 40 km/h across the experiment sites.
The value of correction for the road gradient L 0 g D = dB. The correction is not calculated for the roads with gradient less than 5% (in our case road gradient is 0%).
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The value for the experiment purpose is:
The correction for the road pavement, for the smooth asphalt value is:
The correction for the presence of reflective façade (for the opposite side from the façade) is:
.
The total calculated correction value according to formula (2) is:
The most powerful sources of noise on ferryboats are: the main diesel engine, propeller, diesel generator, turbo generator, compressor, refrigeration machinery, system of ventilation and air cooling, ventilators for forced air flow, ventilators for ventilation of engine room and various types of pumps. Generally, operating diesel engines have a higher sound level than other types of machines installed on the ferryboat. The noise generated by the main engine and propellers is primary during operating performance of the ferryboat (sailing and docking). During the "idling" (when the ferryboat is on load) the primary noise source can be auxiliary power systems or, for example, the usage of sound signalling device [13] . In this particular case, the noise created by the operating and auxiliary systems on ferryboats is shown throughout the number of arrivals/departures of a certain type of a ferryboat. Type 1 presents an older ferryboat, of smaller capacity, on which the methods of acoustical planning are not applied. Type 2 presents a newer ferryboat of larger capacity, which meets the requirements of IMO resolution on permitted noise levels on boats [14] . The noise generated by passenger vehicles, freight vehicles and buses during loading/unloading from the ferry boat is presented throughout vehicle flow in the observed time interval. Due to the influence on the generated noise regarding to distance from the source (ferries), the selected experiment positions were at a distance from 5 m to 100 m from the ferries port. In order to obtain the noise prediction model as realistic as possible, care was taken that the meteorological conditions had been taken into account [15, 16] . The experiment was conducted under conditions favourable to the sound propagation (dry weather, wind speed less than 5 m/s, without negative temperature gradient nearby). The sound was propagated above the solid surface, while meeting the condition that the ratio of the sum of the height of receiver (microphone) and sources (vehicles and ferries) with the distance between them was higher than 0.1 [17] .
Since the experiment was conducted at the positions close to the sea coast (3 m-5 m), the sea condition in accordance with the "Beaufort Scale" was taken as a parameter that significantly affects the generation of noise [18] . As the measurements were performed under conditions where the wind speed did not exceed the value of 5 m/s, the sea condition according to the "Beaufort" scale was recorded during the measurements in the range of 0-3. When selecting the positions for the measurement of equivalent noise level (Leq), care was taken that the requirements defined by ISO 1996 standard were met [17] . (Figure 1) , near the seaside (positioning on the opposite side was impossible due to houses very close to the road). The measurement period was MayJune 2012, by a random day selection, in the period from 8 a.m. to 8 p.m., in measurement intervals of 1 hour. The necessary data were collected by a two-person team, which simultaneously counted the vehicles on the highway, vehicles from the ferries, ferries approaches/departures and controlled noise measurement. The measurements were performed by modular precise noise analyzer which met the prescribed IEC60804 standard. The set frequency range from 6.3 Hz to 20 kHz corresponded to the frequency range for tertiary noise analysis. A/C-weighting curve was set (C-weighting due to noise emitted on low frequency by ferry) for frequency weighting with the rapid response time of 0.125 s. The dynamic range of the instrument for tone signal at the frequency of 1 kHz was set for the maximum value of 140 dB. Before and after completion of measurement, the device was verified by using the sound calibrator, which produced a sound level of 94 dB at a frequency of 1,000 Hz, with the accuracy of ± 0.25 dB. "Free-field" microphone, size of 0.5 inches, a working range from 2.6 Hz to 20 kHz was used during the measurement. 
RESULTS
To develop generated traffic noise a relationship is found between two or more variables and these relationships are expressed in a mathematical form. By conducting a series of experimental measurements, the sampling population of 648 data for each characteristic value was obtained, with the aim of obtaining the best possible accuracy of the noise prediction model. The measurements were focused on equivalent noise level, the number of vehicles moving on the road, vehicles loading/unloading from the ferryboat, the number and type of ferryboats that plied and the sea condition. Characteristic values recorded during the experiment are shown in Table 1 .
After finalization of the process for experimental characteristic values collection non-linear regression multi-factorial analysis was done. By entering the experimental results in the program matrix (DataFit9 software version 9), the correlation matrix was obtained ( Table 2) .
Based on the data collected on different days, between 8.00 a.m. to 8.00 p.m., regression analysis was done according to formula:
The obtained values of regression coefficients with independent variables are given in Table 3 .
Normality of residual distribution diagram is shown in Figure 2 .
Variance analysis is shown in Figure 3 .
DISCUSSION
Modelling is the process of theoretical assessment of the quantity in the observed interest region under specific conditions. Specific conditions under which an assessment is made may represent only the current picture or a permanent condition. In the real world, the environment has the characteristic of constant variability. The specific conditions under which the modelling of environmental noise is done will be only "snapshots" of the actual condition in the observed interest region within a given time domain [19] . This variability of conditions in the real world causes the variations of sound field in space and time. It helps us understand that the sound level values obtained by the developed acoustic model will represent the values that may or may not occur in real space and time. Therefore, for the process of successful modelling of environmental noise, it is crucial to define the specific conditions that characterize the observed region as precisely as possible. This primarily means to detect noise sources. In urban areas where residential and commercial buildings are located in the immediate vicinity of roads, road traffic is highlighted as the most important noise source [20] . In our particular example this claim does not match entirely, regardless of the fact that the "Adriatic" highway passes through the populated place Kamenari. It means that frequent road traffic takes place just a few metres of distance from the residential and commercial buildings. Namely, other than road traffic, very frequent sea traffic takes place at the observed location. Precisely, six ferryboats of the company JSC "Maritime transport" -Kotor continuously ply at the given site. Ferryboats plying represents an important noise source and therefore is included as one of the two main sources in the creation of the acoustic model. The existence of two relevant noise sources at the given site represents a specific situation and also a unique case. It is very important during the modelling process to approximate the characteristics of the physical environment through which the sound wave will be transmitted from the source point to the receiver point [21] . The influence of the physical environment characteristics were calculated according to C.R.N. standard and presented as part of total correction coefficient (∆L). The fact that the value of Prob(t) for almost all of the coefficients with independent variables is zero ( Table 3 ), shows that the selection of independent model parameters has been adequate [22] . The exception are the value of coefficient f with parameter X6 (Prob(t)=0.5697) and the coefficient with parameter X7 (Prob(t)=0.4766). The probability that the value of these two independent variables will be equal to zero is 56.9% and 47.66%, respectively, and rejects the assumption about significant influence of the number of vehicles loading/unloading from the ferryboat, as well as the sea condition. This can be explained by the low vehicle speed and low engine speed of vehicles during the loading/unloading from the ferry. The sea condition did not significantly influence the amount of generated noise. This is supported by the fact that the measurements were carried out under conditions where the sea condition in accordance with Beaufort scale was in the range of 0-3, i.e. calm or a little wavy sea [18] . It can be seen from the analysis of variance ( Table 4) that Prob(F)=0. This fact completely eliminates the hypothesis that all the parameters with the independent coefficients are equal to zero and confirms that the dependent variable Y can be determined by the assumed model [22] . It is seen from the normality of residual distribution diagram (Figure 2) , that the residuals have normal distribution, but with a different environment (the line does not pass through coordinate beginning) and present deviations. This confirms the adequacy of the calculated regression coefficients (a-h) [22] . The value of "t-ratio" for coefficients with independent variables (Table 3 ) tells us which of the independent variables has the greatest impact on the dependent variable Y, i.e. the equivalent noise level [22] . The greatest value of t-ratio=63.4184 is for parameter (b) with independent variable X2. This tells us that freight vehicles and buses moving on the highway, have the greatest impact on the equivalent noise level (Leq). Value of t-ratio=60.1441 for parameter (e) with independent variable X5 indicates great impact of freight vehicles and trucks loading/unloading from the ferryboat on the generated noise level. By comparing the value of t-ratio for coefficients c (t-ratio= 43.4937) and d (t-ratio=22.6821) with parameters X3 (arrivals/departures of the ferryboat type 1) and X4 (arrivals/departures of the ferryboat type 2) ( Table 3) , we come to the conclusion that sound events related to ferry boat Type 1 have significantly greater impact on level Leq than those related to ferryboat Type 2. This is explained by the fact that ferryboat Type 1 generates greater noise caused by ageing and failure to apply acoustic protection measures on the main and auxiliary power systems. The coefficient of non-linear regression analysis R 2 = 0.9677 is very close to the "best fit" value of R 2 = 1 [22] .
A very important part of the experiment was validation of the development model. The paired t-test was carried out to provide the statistical test for the differences between the predicted results obtained by the model and the measured results from the field [22] . The null hypothesis was μ=0, that is the mean value of the differences between pairs of measured noise and predicted noise. The results from paired t-test at a significance level of 5% show that the critical value is greater than t-statistics (Table 5) , so the null hypothesis is accepted. The Pearson correlation coefficient (0.911) between the measured and the predicted data indicates a very good correlation between the calculated and experimental data. The fact that the deviations of the predicted values from the actually measured values of equivalent noise levels are very small speaks about the good-fit of the model (Figure 3) .
CONCLUSION
The model for the assessment of noise level in urban area that is simultaneously generated by road and sea traffic in the coastal area of Boka Kotorska Bay has been developed. The validity of the model is confirmed by very small deviations of the sound/noise levels empirically obtained, in comparison to the corresponding values obtained by the developed model. Freight vehicles and buses, whether transported by A. Nikolić, D. Nikolić, E. Nikolić, V. Vujačić: Urban Noise Modelling in Boka Kotorska Bay ferryboats or moving along the "Adriatic" highway, are highlighted as factors that specifically influence the assessed noise level. Significant influence on the level of environmental noise is done by the type of ferryboats used for transport of people and vehicles. By application of the developed model, in a very short period of time and in a simple way, it is possible to predict the noise level, without having to use precise noise instruments. With appropriate corrections in accordance to C.R.N. standard, a model can be applied at any urban site along the coast where the road and ferry traffic present a significant noise source. Future scope of research should comprise the analysis of influence under rainy and windy weather conditions.
